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PRESSURE RESPONSIVE SLTT VALVE ASSEMBLY FOR A PLURALITY OF FLUIDS 

AND USES THEREOF 

Technical Field 

[0001] This invention relates to medical devices. More particularly, this invention relates to 
medical devices accommodating a plurality of medical fluid sources including hody fluids. 

Background ^formation 

[0002] Dual-lumen or multi-lumen medical devices are typically employed to deliver 
different drugs, blood products, nutritional fluids, or other fluids into the vascular system, 
peritoneal or epidural space, or other locations within a patient body. Accordingly, it is 
medically desirable to manage contemporaneous fluid communications between such medical 
devices and a plurality of fluid sources. Furthermore, it has also been long recognized to be 
medically desirable to control fluid flow in a pressure responsive fashion to prevent undesired 
fluid flows that usually cause leakage and blood clotting. Pressure Activated Safety Valve 
Technology available under the trademark PASV® Valve Technology from Boston Scientific 
Corporation, Natick, MA, has been employed in medical devices to control fluid flow. A single 
lumen pressure responsive slit valve housing is described in U.S. Patent Nos. 5,169,393, 
5,205,834, and 5,843,044, the entire contents of each of which are incorporated herein by 
reference. Such a single lumen design, however, has a limited ability to accommodate a dual* 
lumen or multi-lumen medical device. For example, use of a single lumen valve housing in a 
dual lumen port requires clumsy intemiediate connectors to accommodate fluid flow from 
spatially separated lumens into the side-by-side configuration necessitated by the dimensions of a 
multi-lumen catheter. This intermediate connector structure is cumbersome, subject to leakage 
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and coixq)roniises the sterility of the fluids flowing thereia Naturally, this also complicates the 
process of manufacture and assembly, and increases its cost, as well as increases the chances of 
structural failure. 

Summary of the Invention ' 

[0003] It is an object of the present invention to provide a pressure responsive slit valve 
assembly that can effectively accommodate management of a pliu-ality of fluids in a variety of 
medical devices. It is also an object of the present invention to provide a pressure responsive slit 
valve assembly that can be an interchangeable component of a medical device. In one preferred 
embodiment, a pressure responsive slit valve assembly of the present invention generally 
includes a valve housing that is adapted to receive fluids from at least two fluid sources, and a 
pressure responsive slit valve means corresponding to each fluid source. 

[0004] The valve housing defines two apertures, a first aperture for receiving a first fluid, 
and a second aperture for receiving a second fluid. The first and the second apertures are not in 
fluid communication with each other. Accordingly, the fluids ent^ng the valve housing are 
maintained in an unmixed state. The valve housing further defines a flow means that includes a 
first conduit and a second conduit. The first conduit is situated longitudinally therethrough and 
is in fluid conununication with the first aperture. Similarly, the second conduit is situated 
longitudinally therethrough and is in fluid commimication with the second aperture. The first 
and the second conduits are not in fluid communication with each other so that the fluids are 
maintained in an unmixed state. In one embodiment, flie valve housing can be made df a metal, 
preferably, titanium. In another embodiment, the valve housing can be made of plastic. 
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[0005] The slit valve means generally includes a fiist pressure responsive slit and a second 
pressure responsive slit The first slit is disposed transversely between and in fluid 
conununication with the first aperture and the first conduit The first slit deforms in response to 
the pressure differential associated wifli the first fluid thereby to allow the first fluid to flow in a 
desired direction. The second slit is disposed transversely between and is in fluid 
communication with the second aperture and the second conduit. The second slit deforms in 
response to the pressure differential associated with the second fluid thereby to allow the second 
fluid to flow in a desired direction. 

[0006] In another embodiment, the pressure responsive slit valve assembly of the present 
invention includes a valve housing that is fiirther adapted to receive at least one additional fluid 
from an additional source. Accordingly, the fitrther adapted valve housing includes at least one 
additional corresponding aperture and at least one additional corresponding conduit, and the slit 
valve means further includes at least one additional corresponding pressure responsive slit. 

[0007] In yet another embodiment, the pressure responsive slit valve assembly of the present 
invention includes a valve housing that fiirther defines a first chamber for the first fluid, and a 
second chamber for the second fluid. The first and the second chambers are not in fluid 
communication with each other so that the fluids are maintained in an unmixed state. 

[0008] In one preferred embodiment, the pressure responsive slit valve assembly of the 
present invention fiirther includes a first connection port for receiving the first fluid and a second 
connection port for receiving the second fluid. The first connection port is in conununication 
with the first aperture, and the second connection port is in communication with the second 
aperture. The first and second connection ports do not communicate with each other such that 
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the first and second fluids are maintained in an unmixed state. In other embodiments, the first 
and second connection ports may further embody alignment means on the exterior surface 
thereof for aligning the pressure responsive slit valve assembly with a medical device. The 
aligmnent means includes, but are not limited to, grooves, barbs, threads, and other suitable 
physical features on the exterior surfaces of the connection ports. 

[0009] In another preferred embodiment, the pressure responsive slit valve means of the 
present invention further comprises a first extrusion stem defining the first conduit, and a second 
extrusion stem defining the second conduit. The first and second extrusion stems are typically 
configured to be receivable individually inside each corresponding lumen of a medical device. 
Embodiments of the extrusion stems may further include the following features: For example, in 
one embodiment, the extrusion stems are substantially contiguous proximal to the valve housing. 
In yet another embodiment, the extrusion stems may further embody securement means to ensure 
secure attachment of a medical device to the extrusion stems. The securement means includes, 
but are not limited to, barbs, threads and other suitable physical featmres on the exterior surfaces 
of the extrusion stems. In some embodiments, the securement means may further include a 
locking sleeve engageable to the extrusion st^s. 

[0010] In yet another preferred embodiment, the slit valve means includes one elastomeric 
diaphragm that embodies the first and the second pressure responsive slits. In an alternative 
embodiment, the slit valve means includes a first diaphragm that embodies the first pressure 
responsive slit, and a second diaphragm tiiat embodies the second pressure responsive slit. In 
either of these embodiments, the elastomeric diaphragm may be disc-shaped. Alternatively, the 
elastomeric diaphragm may be rectangular-shaped. In other embodimmts, flie slit valve means 
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may further include a di2q;>hragni securement means adjacent the periphery of the slit yalve 
means. 

[0011] It is anoth^ object of the present invention to provide medical devices that comprise 
a pressure responsive slit valve assembly. The embodiments of medical devices include, but are 
not limited to, dual-lumen or multi-lumen implantable ports, dual-lumen or multi-lumen 
Peripherally Inserted Central Catheters (PICC), dual-lumen or multi-lumen tunneled central 
venous catheters, and dual-lumen or multi-lumen dialysis catheters, to name but a few. The 
present invention is suitable for use in any medical device in which a plurality of fluids is 
employed. 

[0012] It is yet another object of the present invention to provide a kit for adapting a medical 
device to manage a plurality of fluids. The kit typically includes an assembly that is adapted for 
connecting to a medical device to receive fluids from at least two fluid sources. The assembly 
comprises pressure responsive means corresponding to each fluid sources, and further comprises 
securement means for securely adapting the medical device. 

Brief Description of the Drawings 

[00131 In the drawings, like reference characters generally refer to the same parts throughout 
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally 
being placed upon illustrating the principles of the invention. 

[0014] Figure lA is a schematic view of an exemplary embodiment of a pressure responsive 
slit valve assembly of the present invention. 
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[0015) Figure IB is a schematic view of a female part valve housing and a male part valve 

housing of an exemplary embodiment of a pressure responsive slit valve 

assembly of the present invention. 
[001 d] Figure 2 is a schematic view of an alternative embodiment of a pressure responsive 

slit valve assembly of the present invention. 
[0017] Figure 3 is a cross-sectional view of an exemplary embodiment of first and second 

apertures defined by the valve housing. 
[001 8] Figure 4 A is a schematic view of the exterior surfaces of the coimection ports of an 

exemplary embodiment of the present invention. 
[0019] Figure 4B is a schematic view of an exemplary embodiment of a dual-lumen port. 
[0020] Figure 4C is a schematic view of an alternative embodiment of a dual-lumen port. 
[0021] Figure 5 is a perspective view of the exterior structure of the extrusion stems of an 

exemplary embodiment of the present invention. 
[0022] Figure 6 is a cross-sectional view of an exemplary embodiment of pressure 

responsive shts. 

[0023] Figure 7 is a cross-sectional view of an alternative embodiment of pressure 
responsive slits. 

[0024] Figure 8 A is a perspective view of an exemplary embodiment of a pressure 

responsive slit valve assembly of the present invention adapted to a PICC 
catheter. 

[0025] Figure 8B is a schematic view of an exemplary embodiment of a pressure responsive 
slit valve assembly of the present invention adapted to a PICC catheter. 
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[0026] Figure 8C is a schematic view of an exemplaiy anbodiment of a pressure responsive 
slit valve assembly of the present invention with a dual-lranen PICC 
catheter attached thereon. 

(00271 Figure 9 is a perspective view of an exemplary embodiment of a triple-cavity 
pressure responsive slit valve assembly of the present invention. 
Detailed Description 

[0028] The present invention provides a pressure responsive slit valve assembly (also 
referred to herem as 'Valve assembly**) that can be used in a variety of configurations of medical 
devices to manage contemporaneous and pressure responsive fluid communications between 
such devices and a plurality of fluid sources. The medical devices suitable for use with the 
pressure responsive slit valve assembly of the present invention include, but are not limited to, 
dual-lumen or multi-lumen implantable ports, dual-lumen or multi-lumen Peripherally Inserted 
Central Catheters (PICC), duaHumen or multi-lumen tunneled central venous catheters, dual- 
lumen or multi-lumen dialysis catheters, to name but a few. It is further contemplated that a 
pressure responsive slit valve assembly of the present invention can be interchangeably and 
reinovablely connected to a medical device. Alternatively, the connection between a pressure 
responsive slit valve assembly of the present invention and a medical device can be permanent 
and fixed. Wheflier used as an interchangeable component adapted for use with a variety of 
medical devices, or whether used as an integral componmt of a medical device adapted for use 
during its manufacture, the pressure responsive slit valve assembly of the present invmtion 
pemiits contemporaneous management of a plurality of fluids without mixing of said fluids. 
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[0029] Referring to Figure 1 A, a schematic view of an exemplary embodiment of a pressure 
responsive slit valve assembly 100 of flie presait invention is shown. The valve assembly 100, 
as illustrated in Figure lA, generally includes a valve housing 105, and a slit valve means 110. 

[0030] The valve housing 105 is adapted to receive fluids firom at least two sources. 
Accordingly, the valve housing 105 is preferably made from rigid, shape-retaining materials 
including, but not limited to, metals, preferably titanium, or stainless steel, and ceramics, 
polymers or plastics such as, for example, polysulphone, polycarbonate, polyefliylene, plastics 
sold under the trademark GRILAMID® from ^S-Chemie AG Corporation, Reichenauerstrasse, 
Switzerland, or synthetic resinous materials sold under the trademark ULTEM® from General 
Electric Company Corporation, Pittsfield, MA. Suitable shapes for the valve housing 105 
include but are not limited to, cylindrical shapes, cubic shapes, tubular shapes, and other shapes. 

[0031] The valve housing 105 defines a first aperture 1 12 for receiving a first fluid, and a 
second j^erture 1 14 for receiving a second fluid. It is contemplated that the first and second 
apertures 1 12 and 1 14 are not in fluid communication with each other such that the fluids are 
maintained in an unmixed state. The configuration of the first and second apertures generally 
accommodates the fluid sources in a medical device. In one embodiment, the first and second 
apertures 1 12 and 1 14 are both located on the vertical wall 1 16 of the valve housing 105. 
Referring to Figure 3, a cross-sectional view of an exemplary embodiment of the first and second 
apertures 1 12 and 1 14 is shown. In this embodiment, the first and second apertures 112 and 1 14 
are both oval-shaped. They can also be circular-shs^ed or any other suitable shapes, including 
shapes suitable for high flow designs. In other embodiments, the first and second apertures 1 12 
and 1 14 may be located on the other parts of the valve housing 105 to accommodate the design 
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of a medical device. For example, the first and second apertures 1 12 and 1 14 may be located on 
the top of the valve housing 105. 

[0032] In a prefeired embodiment, the valve assembly 1 GO can further comprise a first 
connection port 120 and a second connection port 122 to facilitate connection and fluid 
communication between the* valve assembly 100 and a medical device. For example, connection 
ports 120 and 122 can be employed to mediate direct or indirect connection between the valve 
assembly 100 and a dual-lumen implantable port. As depicted in Figure lA, the first and second 
connection ports 120 and 122 that join the valve housing 105 at the vertical wall 1 16 are ad^ted 
to receive first and second fluids, respectively, fi:om two spatially separated fluid cavities in a 
dual-lumen implantable port. In other embodiments, the first and second connection ports 120 
and 122 may join the other parts of the valve housing 105 to accommodate the design of a 
medical device. For example, the connection ports 120 and 122 may join the top of the valve 
housing 105. In each instance, the first connection port 120 is in fluid communication with the 
first aperture 1 12, and flie second connection port is in fluid communication with the second 
aperture 114. It is contemplated that the first and the second connection ports 120 and 122 do 
not communicate with each other such that the fluids are maintained in an unmixed state. 

[0033] The connection ports 120 and 122 are preferably made of the same material as the 
valve housing 105, but may be made of any suitable material that is sufBciently rigid and is 
conq>atible with the material of the valve housing 105. It is contemplated that the connection 
ports 120 and 122 may be an integral part of the valve housing 105. It is also contemplated that 
the connection ports 120 and 122 may be permanently fixed to the valve housing 105 by 
adhesives or overmolding methods. In a preferred embodiment, the connection ports 120 and 
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122 are contemplated to be male comectors in nature, which can directly or mdirectly fit into 
corresponding female fluid cavities in a medical device. The exterior shape of the connection 
ports 120 and 122 can be cylindrical, tubular, or other shapes. They may also be bent at a 
predetermined angle or curved to allow more smooth transition firom the fluid cavities in a 
medical device to the valve housing 105. In addition, the connection ports 120 and 122 can 
further embody threads, barbs, grooves, or other physical features on the exterior surfaces to 
&cilitate secure coimections between the connection ports and the fluid cavities in a medical 
device. 

[0034] Referring to Figures 4A, 4B and 4C, exemplary embodiments of the exterior surfaces 
of connection ports 120 and 122 and the corresponding female fluid cavities in a dual-lumen port 
are shown. As illustrated in Figure 4A, the connection ports 120 and 122 each embodies a 
plurality of grooves 126 on the pxterior surfaces thereof. As illustrated in Figure 4B, a dual- 
lumen port 130 embodies two horizontally aligned separate fluid cavities 134 and 138. The fluid 
cavities 134 and 138 each embodies a plurality of barbs 142 extruding inwardly firom the 
corresponding interior surfaces thereof. The number of barbs 142 on the interior surface of the 
fluid cavities 134 and 138 corresponds to the number of grooves 126 on the exterior surfaces of 
connection port 120 and 122. Furthermore, the shapes and dimensions of barbs 142 are designed 
to fit into corresponding grooves 126 on the exterior surfaces of the connection ports 120 and 
122. An alternative embodiment of a dual-lumen port 132 is shown in Figure 4C, where the two 
separate fluid cavities 134 and 138 are aligned vertically. As in Figure 4B, the fluid cavities 134 
and 138 each embodies a plurality of barbs 142 extruding inwardly firom the corresponding 
interior surfaces thereof. In either embodiment, the male connection ports 120 and 122 as 
illustrated in Figure 4A can press fit into the corresponding fluid cavities as illustrated in Figure 
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4B or 4C. It is contemplated that the grooves 126 can cause the male connection ports 120 and 
122 to align with the female fluid cavities 134 and 138 to allow a liquid tight connection between 
the valve assembly 100 and the dual-lumen port 130 or 132. It can be readily appreciated that 
the press-fit coimection between the valve assembly 100 and the dual-lumen port 130 or 132 can 
be removable or interchangeable. The connection can be accomplished by physicians or nurses 
during a medical procedure. THe connection can also be accomplished during the manufacture 
of the dual-limien port When permanent attachment is desired, a suitable sealing material or 
adhesive can be applied between the interior surfaces of the fluid cavities in the port and the 
corresponding exterior surfaces of the connection ports. Sonic welding, adhesive bonding, or 
other suitable means of permanently afBxing the valve assembly 100 are contemplated. In yet 
another embodiment, the male connection ports without grooves on the exterior surface thereof 
are contemplated. For example, using a Motion or press fit, tlie male connection ports can also 
be connected to the corresponding female fluid cavities in the port by fiiction forces. Other 
types of mechanical or non-mechanical forces are also contemplated. 

[0035] The valve housing 105 further defines a flow means which typically includes a first 
conduit 146 for the first fluid and a second conduit ISO for the second fluid. The first and second 
conduits 146 and 150 are longitudinally therethrough in communication with the first and second 
apertures 1 12 and 1 14, respectively. It is contemplated that the first and second conduits 146 and 
150 do not communicate with each other such that the first and second fluids are maintained in 
an unmixed state. As illustrated in Figure lA, inside the valve housing 105, the first and second 
fluids are separated by internal walls 154. The internal walls 154 are configured to avoid sharp 
ends and edges such that the flows of the fluids can be smoothly directed firom the apertures 1 12 
and 114 into the conduits 146 and 150, respectively. 
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[0036] In a prefened embodiment, the valve housing lOS fiirtfaer comprises a first extrusion 
stem 158 that defines the first conduit 146, and a second extrusion stem 162 that defines the 
second conduit ISO. The first and second extrusion stems 158 and 162 are generally configured 
to be receivable individually into each of corresponding lumens in a desired medical device. For 
example, as illustrated in Figure lA, the first and second extrusion stems 158 and 162 are 
configured to be recdvable individually inside each of coirespondxag lumens of a dual-lumen 
catheter. In this configuration, the two extrusion stems 158 and 162 are substantially contiguous 
proximal to the valve housing 105, but are separated at the distal end defining a slot 166 between 
the two stems. The slot 166 defined between the two stems 158 and 162 should be wide enough 
to fit an inner wall of a dual-lumen catheter, therefore, allows each extrusion stems to be 
individually receivable into each of corresponding lumens of a dual-lumen catheter. The exterior 
structure of first and second extrusion stems 158 and 162 of this exemplary embodiment is 
depicted in more detail in Figure 5 . 

[0037] As illustrated in Figure 5, extrusion stems 158 and 162 are configured for use in a 
dual-lumen catheter having lumens that are generally D-shaped. However, catheters having a 
plurality of lumens of other configurations can be used with the present invention and, 
accordingly, correspondingly shaped extrusion stems are within the scope of the present 
invention. For example, catheters having round lumens, smile lumens, non-concentric lumens, 
and other types of lumens are contemplated. In each instance, the numb^ and shape of the stems 
are configuired to correspond v/iih the number and the shape of the lumens of the catheter to be 
slid ov^ the stems. 
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[0038] In a preferred embodiment, the first and second extrusion stems 158 and 162 may 
fur&er embody securement means to secure the attachment of a medical device to the extrusion 
stems. For example, the extrusion stems 158 and 162 may further embody one or more barbs 
170 on the exterior surfaces thereof to ensure a secure fit between the extrusion stems and a dual- 
lumen catheter. As illustrated in Figure 5, the barbs 170 on the exterior surfaces of the extrusion 
stems 158 and 162 taper towards the distal end of the stems with decreasing circumferences. It is 
contemplated that this configuration of the barbs allows fho catheters to be easily slid thereover, 
but generates enough tension to prevent inadvertent separation between the catheter and the 
stems. Other types ofbarb designs are also within the scope ofthe present invention. Suitable 
barb configurations include, but are not limited to, stepped barb configurations, preferably those 
with pure rectangular steps, and those with the rise at an angle. Furthermore, the valve assembly 
100 ofthe present invention may fiirther comprise a locking sleeve (not shown) that can slide 
over the catheter to fiirther compress the catheter on the extrusion stems to secure the attachment. 
Suitable locking sleeves include, but are not limited to, a press-on lock, screw lock, and swivel 
lock. 

[0039] As depicted in Figure lA, extrusion stems 158 and 162 integrally jom the valve 
housing 105 at the wall 174, The wall 174 may be vertical such that the extrusion stems 158 and 
1 62 join the wall 174 at 90*^ angle. Alternatively, the wall 174 may be tapered to accommodate 
the change firom the larger configuration of the valve housing 105 to the generally smaller 
configuration ofthe CTctrusion stems 158 and 162. Accordingly, the extrusion stems 158 and 162 
join the wall 174 at an angle larger than 90^ In addition, it is contemplated that the extrusion 
stems 158 and 162 may be permanently fixed to the housing 105 by adhesives or ovennolding 
methods. 
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[0040] As shown in Figure 1 A, a longitudinal sectional view of the internal lumens of the 
valve assembly 100 is generally in a * Y" configuration to bring the two separated fluid flows 
into closely parallel extrusion conduits. It can be readily appreciated that other types of lumen 
configurations are also within the scope of the present invention. The internal lumens of a 
pressure responsive slit valve assembly is generally configured to correspond to and 
accommodate the shape of the valve housing, the location of the apertures and the design of the 
extrusion stems. 

[0041] It can be readily appreciated by a person of skill in the art that the valve housing 1 OS 
can be manufactured and assembled in different ways to accommodate the desired configuration 
and the selected material of the valve housing. For example, in one embodiment, as shown in 
Figure IB, the valve housing 105 can be formed from a female part 178, and a male part 182. As 
depicted in Figure IB, the female part 178 can generally mclude the first and second apertures 
112 and 114, and two connection ports 120 and 122. The male part 182 can generally include 
the first and second extrusion stems 158 and 162, and the internal walls 154. The male and 
female parts 178 and 182 are constructed such that one sealingly connects to the other. For 
example, the female part 178 can have a relatively larg^ annular wall with internal threads 186. 
The male part 182 can have a relatively smaller annular wall with external threads 190. 
Accordingly, as illustrated in Figure 1 A, the male part 182 can fiictionally fit into the female part 
178 such that the internal flireads 186 and the external threads 190 can interact with each other to 
generate frictional forces. Instead of frictional forces, an adhesive can be used to secure a bond 
between the female part 178 and the male part 182. Alternatively, a female part 178 and a male 
part 182 can be thermally, chemically, mechanically or ionically bonded together. 
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[0042] As illustrated in Figure 1 A, the slit valve means 1 10 of the pressure responsive slit 
valve assembly 100 generally includes a first slit 192 and a second slit 193. The first slit 192 is 
disposed transversely between and in communication with the first conduit 146 and the first 
aperture 112. Accordingly, the first slit 192 is responsive to a pressure dififerential associated 
with the first fluid. In particular, the first slit 192 remains in a closed position until a pressure 
differential having a predetermined force exists across the first slit 192. Once the pressure 
differential crosses over this predetermined force threshold, the first slit 192 deforms, fliereby 
allowing the first fluid to flow therethrough in a desired direction. Similarly, the second sUt 193 
is disposed transversely between and in conamunication with the second conduit ISO and the 
second aperture 114. Accordingly, the second slit is responsive to a pressure differential 
associated with the second fluid. In particular, the second slit 193 remains in a closed position 
until a pressure differential having a predetermined force exists across the second slit 193. Once 
the pressure differential crosses over this predetermined force threshold, the second slit 193 
deforms, thereby allowing the second fluid to flow therethrough in a desired direction. Both slits 
192 and 193 may be straight-cut slits. In some embodiments slits 192 and 193 may be H-shaped 
as shown in Figure 6. Alternatively, shts 192 and 193 may have a saw-tooth wave shape as 
shown in Figure 7. Other suitable shaped slits are within the scope of the present invention. 

[0043] In one preferred embodiment, as shown in Figure 1 A, the slit valve means 110 
includes one elastomeric, thin diaphragm 195 that defines both tiie first and second slits 192 and 
193. The elastomeric, thin diaphragm 195 is preferably made ftom silicone or other flexible 
materials. It is also contemplated that the diaphragm materials can be reinforced if desirable. 
For example, wires or fiber braids can be incorporated into the silicone or other flexible materials 
to reinforce the diaphragm 195. The shape of the diaphragm 195 and the shape of the valve 
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housing 105 generally accommodate each other. Accordingly, suitable shapes for the diaphragm 
195 include, but are not limited to, disc shape, rectangular shape, or overlapped double circle 
shape, or other suitable shapes. 

[0044] In a preferred embodiment, the sKt valve means 110 further includes slit valve 
securement means adjacent the periphery of the slit valve means. As illustrated in Figure 1 A, the 
slit valve securement means includes diaphragm securement members 197 and 199, each of 
which is disposed at one side of the diaphragm 195. Each diaphragm securement members 197 
and 199 defines two apertures, each of which is centrally aligned with its corresponding slit on 
the diaphragm 195 so that the fluids can get across the slits. Diaphragm securement members 
197 and 199 are preferably rigid, and can be formed of synthetic resinous materials. Under the 
assembled condition, as can be seen in Figure 1 A, the slit valve means 1 10 can be sandwiched 
between the female part 178 and the male part 182 of the valve housing 105. As a result, the 
diaphragm securement members 197 and 199 compressively support the elastomeric diaphragm 
195 except to permit the first and second slits 192 and 193 on the diaphragm 195 to flex 
depending on pressure differential conditions associated with the first and second fluids, 
respectively. 

[0045] Another preferred exemplary embodiment of a pressure responsive slit valve 
assembly of the present invention is shown in Figure 2. In this embodiment, the valve assembly 
200 comprises a slit valve means 210 that includes two separate elastomeric, thin diaphragms, a 
first diaphragm 220 defining the first slit 225, and a second diaphragm 230 defining the second 
slit 235. Both first and second diaphragms 220 and 230 are preferably made firom silicone or 
other flexible materials. It is also contemplated that the diaphragm materials can be reinforced if 
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desirable. For example, wires or fiber braids can be incorporated into the silicone or other 
flexible materials to reinforce the diaphragms 220 and 230. The first diaphragm 220 is disposed 
transversely between the first aperture 212 and the first conduit 246 such that the first slit 225 is 
responsive to a pressure differential associated with the fiist fluid. In particular, the first slit 225 
remains in a closed position until a pressure differential having a predeteimined force exists 
across the first slit 225. Once the pressure differential crosses over this predetermined force 
threshold, the first slit 225 deforms, thereby allowing the first fluid to flow therethrough in a 
desired direction. Likewise, the second diaphragm 230 is disposed transversely between the 
second aperture 214 and the second conduit 250 such that the second slit 235 is responsive to a 
pressure differential associated with the second fluid. Li particular, the second slit 235 remains 
in a closed position until a pressure differential having a predetermined force exists across the 
second slit 235. Once the pressiure differential crosses over this predetermined force threshold, 
the second slit 235 defonns, thereby allowing the second fluid to flow therethrough in a desired 
direction. Both sUts 225 and 235 may be straight-cut slits, H-sh^ed sUts, saw-tooth wave 
shaped slits, or other suitable shaped slits. 

[0046] The shapes of the first and second diaphragms 220 and 230 and the shape of ttie valve 
housing 205 generally accommodate one another. Accordingly, suitable shapes for the first and 
second diaphragms 220 and 230 include, but are not Umited to, disc shape, rectangular sh^e, or 
other suitable shapes. 

[0047] In a preferred embodiment, the sUt valve means 210 further comprises slit valve 
securement means adjacent the periphery of the sUt valve means. As illustrated in Figure 2, the 
slit valve securement means includes diaphragm securement members 240 and 242 disposed at 
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each side of the first diaphragm 220, and diaphragm secur^ent members 244 and 248 disposed 
at each side of the second diaphragm 230. Each diaphragm securement m^bers 240 and 242 
defines one aperture that is centrally aligned with the first slit 225 so that the first fluid can get 
across the first slit 22S. Similarly, each diaphragm securement member 244 and 248 defines one 
aperture that is centrally aligned with the second slit 235 so that the second fluid can get across 
the second slit 235. All of the diaphragm securement members 240, 242, 244, and 248 are 
preferably rigid, and can be formed of synthetic resinous materials. 

[0048] It can be readily appreciated by one of skill in the art that the valve housing 205 can 
be modified in many different ways to accommodate the configuration of two separated 
diaphragms. For example, as illustrated in Figure 2, the valve housing 205 can fiirther include an 
additional wall 252 to separate, as well as to support the first and second diaphragms 220 and 
230. The wall 252 can perpendicularly join to the interior surface of the vertical wall 216. 
Alternatively, the wall 252 can integrally join the internal walls 254 in the valve housmg 205. 
Accordingly, under the assembled condition, as can be seen in Figure 2, the diaphragm 
seciurement members 240 and 242 compressively support the first elastomeric diaphragm 220 
while permit the first slit 225 to flex depending on pressure differential conditions associated 
with the first fluid. Likewise, the diaphragm securement members 244 and 248 compressively 
support the second elastomeric diaphragm 230 while permit the second sUt 235 to flex depending 
on pressure differential conditions associated with the second fluid. 

[0049] Although the slit valve means illustrated in eitiier Figure 1 A or Figure 2 is disposed 
adjacent to the first and second apertures, it is contemplated that a slit valve means may be 
disposed transversely anywhere between the first and second apertures and the first and second 
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conduits. In the embodiments that a slit valve means is not disposed adjacent to the q)ertures, it 
is within the skill of an ordinary artisan in the field to modify the valve housing accordingly to 
acconmiodate the placement of the slit valve means. 

[0050] It is further contemplated that a pressure responsive sht valve assembly of the present 
invention can be incorporated into multi-lumen or dual-lumen PICC catheters, multi-liunen or 
dual-lumen tunneled central venous catheters, and multi-lumen or dual-lumen dialysis catheters. 
For example, instead of placing individual valves in the external extension tubes, a dual*lumen 
valve assembly of the present invention can be incorporated into the currently-used Y-connector 
in a dual-lumen PICC catheter. Further more, incorporation of the present invention permits a 
proximally trimmable PICC catheter. It is wi&in the skiU of an ordinary artisan to modify the 
scale, the dimension and the material of a pressure responsive slit valve assembly to 
accommodate the configuration of a multi-lumen or dual-lumen catheter. By way of example 
and not limiting, a perspective view of an exemplary embodiment of a pressure responsive slit 
valve assembly adapted for use with a PICC catheter is shown m Figure 8 A, a schematic view of 
an exemplary embodiment of a pressure responsive slit valve assembly adapted for use with a 
PICC catheter is shown in Figure 8B, and a schematic view of an exemplary embodimmt of a 
pressure responsive slit valve assembly with a dual-lumen PICC catheter attached thereon is 
shown in Figure 8C. As depicted in Figures 8A, 8B, and 8C, the valve assembly optionally 
comprises suture wings with suture holes thereon, and barbs or lure threads on the exterior 
surfaces of connection ports and extrusion stems. It can be readily appreciated by one of skill in 
tiie art that the numbers and the configurations of the suture wings, suture holes, barbs and lure 
threads can be modified in many different ways to accommodate a desuied configuration of a 
catheter. 
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[0051] It is further contemplated that a pressure responsive slit valve assembly of the present 
invention can be configured to communicate with more than two fluid sources. Accordingly, a 
valve housing can be further adapted to receive one additional fluid fiom an additional source. 
For example^ the valve housing can define at least one additional aperture and at least one 
additional corresponding conduit. Likewise, the sUt valve means can also include at least one 
additional pressure responsive slit corresponding with the additional fluid source. By way of 
example and not limiting, a perspective view of a triple-cavity pressure responsive slit valve 
assembly is shown in Figure 9. 

[0052] It is further contemplated that the present invention provides a kit for adapting a 
medical device to accommodate a plurality of fluids. In a preferred embodiment, a kit of the 
presmt invention typically includes a pressure responsive slit valve assembly that is ad^ted for 
connecting to a desired medical device to receive fluids from at least two sources. The assembly 
typically comprises a slit valve means corresponding to each fluid source. In another preferred 
embodiment, a kit of the present invention may fiirther include securement means for securely 
adapting the pressure responsive slit valve assembly to a desired medical device. 

[0053] Variations, modifications, and other implementations of what is described herein will 
occur to those of ordinary skill in the art without departing fiom the spirit and scope of the 
invention. The invention is not to be limited only to the preceding illustrative description. 

What is claimed is: 
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Claims 

1 1 . A pressure responsive slit valve assembly comprising: 

2 (a) a valve housing adapted to receive fluids from at least two sources comprising 

3 (i) a first aperture for receiving a first fluid and a second aperture for 

4 receiving a second fluid, wherein the first and second apertures do not 

5 contununicate such that the fluids are maintained in an unmixed state, and 

6 (ii) a flow means comprising 

7 a first conduit longitudinally therethrough in communication with said 

8 first aperture and a second conduit longitudinally therethrough in 

9 communication with said second aperture, wherein the first and second 

10 conduits do not communicate such that the fluids are maintained in an 

11 unmixed state; 

12 and, 

13 (b) a slit valve means comprising 

14 (i) a first pressure responsive slit in communication with and disposed 

15 transversely between said first conduit and said first aperture wherein said 

1 6 first slit is responsive to a pressure differential associated with said first 

17 fluid, and 

18 (ii) a second pressure responsive slit in commimication with and disposed 

19 transversely between said second conduit<and said second aperture 

20 wherein said second slit is responsive to a pressure differential associated 

21 with said second fluid. 
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1 2. The pressure responsive slit valve assembly of claim 1 wherein the assembly is an 

2 interchangeable component of a medical device. 

1 3. The pressure responsive slit valve assembly of claim 1 wherein the valve housing is 

2 fttrther adapted to receive at least one additional fluid from an additional source, wherem 

3 said further adapted valve housing comprises at least one additional corresponding 

4 aperture and at least one additional corresponding conduit, and wherein said slit valve 

5 means further comprises at least one additional corresponding pressure responsive slit. 

1 4. The pressure responsive slit valve assembly of claim 1 wherein the valve housing further 

2 comprises a first chamber for the first fluid, and a second chamber for the second fluid, 

3 wherein the first and second chambers communicate with the first and second apertures, 

4 respectively, and further wherein the first and second chambers do not communicate such 

5 that the fluids are maintained in an \mmixed state. 

1 5 . The pressure responsive slit valve assembly of claim 1 further comprising a first 

2 coxmection port for receiving the first fluid and in communication with the first aperture, 

3 and a second connection port for receivmg the second fluid and in commiunication with 

4 the second aperture, wherein the first and the second connection ports do not 

5 communicate such that the fluids are maintained in an unmixed state. 

1 6. The pressure responsive sUt valve assembly of claim 5 wherein the first and second 

2 cormection ports further comprise aligmnent means on the exterior surface thereof for 

3 aligning the pressure responsive sUt valve assembly with a medical device. 

1 7. The pressure responsive" slit valve assembly of claim 1 further comprising a first 

2 extmsion stem defining the first conduit, and a second extrusion stem defining the second 
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conduit, wh^em the first and the second extrusion stems are configured to be receivable 
individually inside each conesponding Iximen of a medical device. 

8. The pressure responsive slit valve assembly of claim 7 wherein the first and the second 
extrusion stems are substantially contiguous proximal to the valve housing. 

9. The pressure responsive slit valve assembly of claim 7 fiirther comprising securement 
means to secure the attachment of the medical device to the extrusion stems. 

1 10. The pressure responsive slit valve assembly of claim 1 wherein the valve housing is made 

2 of a metal. 

1 11. The pressure responsive slit valve assembly of claim 1 wherein the valve housing is made 

2 of plastic. 

1 12. The pressure responsive slit valve assembly of claim 10 wherein the metal is titanium. 

1 13. The pressure responsive slit valve assembly of claim 1 wherein the slit valve means 

2 further comprises an elastomeric diaphragm comprising the first and second pressure 

3 responsive sUts. 

1 14. The pressure responsive slit valve assembly of claim 1 wherein the slit valve means 

2 fiirther comprises a first elastomeric diaphragm comprising the first pressure responsive 

3 slit, and a second elastomeric diaphragm comprising the second pressure responsive slit 

1 15. The pressure responsive sUt valve assembly of claim 13 wherein the elastomeric 

2 diaphragm is disc-shaped or rectangular-shaped. 

1 16. The pressure responsive slit valve assembly of claim 1 4 wherein the elastomeric 

2 diaphragms are disc-shaped or rectangular-shaped. 

1 17. The pressure responsive sUt valve assembly of claun 1 fiirther comprising securement 

2 means adjacent the periphery of the slit valve means. 
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1 IS. A medical device comprising the pressure responsive slit valve assembly of claim 1 . 

1 19. The medical device of claim 1 8 wherein said device is selected from the group consisting 

2 of an implantable venous access device, an implantable venous catheter device and a 

3 dialysis catheter device. 

1 20. A kit for adapting a medical device to accommodate a plurality of fluids, the kit 

2 comprising: 

3 a pressure responsive slit valve assembly adapted for connecting to the medical device to 

4 receive fluids from at least two sources, wherein the assembly comprises a slit valve 

5 means corresponding to each fluid source, and wherein the kit further comprises 

6 securement means for securely adapting the medical device. 



24 



wo 2004/082757 



PCTAJS2004/001606 




wo 2004/082757 PCTAJS200.t/001606 




wo 2004/082757 



PCTAJS2004/001606 




wo 2004/082757 



ill 



PCT/US2004/001606 




112 114 



FIG. 3 



wo 2004/082757 



PCT/US2004/001606 




F I G. 4B 



wo 2004/082757 



0 



PCT/US2004/001606 




FIG. 5 



wo 2004/082757 



PCTAJS2004/001606 




FIG. 7 



wo 2004/082757 



PCTA;S2004/001606 




F I G. 8C 



wo 2004/082757 



PCT/US2004/001606 




FIG. 9 



IIM I tzKIMAI lUNAL :>t:AHi;n HbHUH I 



titemational Application No 

PCT/US2004/001606 



A. CLASSinCATION OF SUBJECT MATTER , 

IPC 7 A61M39/24 A61M5/14 



According to Internationa] Patent Classiflcalton (IPC) or to both national classlficaaon and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (dasslficalion system followed by dassiflcatbn symbols) 

IPC 7 A61M F16K F16L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the intematbnal search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVAFIT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 6 508 791 Bl (GUERRERO RAMON) 

21 January 2003 (2003-01-21) 

column 5, line 12 - line 60; figure 4 

WO 00/06230 A (MCLAUGHLIN DAVID L) 

10 February 2000 (2000-02-10) 

page 4, line 6 -page 5, line 23; figures 

1.7,8 

EP 1 016 431 A (MICHIGAN TRANSTECH CORP) 
5 July 2000 (2000-07-05) 
column 9, line 49 -column 10, line 5 
column 11, line 11 - line 56 
figures 1-5 

US 6 062 244 A (ARKANS EDWARD J) 
16 May 2000 (2000-05-16) 
figures 6-8 

~" _/„ 



1-20 



1-20 



1-20 



m 



Further documents are listed in the continuation of box C. 



|)( I Patent family members are listed In annex. 



** Special categories of cited documents : 

*A' document defining the general state of the ait which is not 
considered to be of particular relevance 

*E* earner document but published on or after the international 
filing date 

*L' document which nnay throw doubts on priority cia]m(s) or 
which is caed to establish the publlcalion date of another 
diatton or other spedal reason (as specined) 

'0* document referring to an oral disclosure, use, exMbtUonor 
other means 

'P* document published prior to the International filing date but 
later than the priority date claimed 



*T* later document published after the International filing date 
or priority date and not in conflict with the application but 
dted to understand the prlndpie or theory underlying the 
invention 

*X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document is taken alone 

'Y* document of particutar relevance; the claimed Invention 
cannot be considered to invoke an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

*&' document member of the same patent family 



Date of the actual completton of the International search 



14 June 2004 



Date of mailing of the Intematlonal search report 



23/06/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5816 Palenttaan 2 
NL-2280HVRi]sw9k 
TeL (+31-70) 340-2040, Tx. 31 651 epo lU. 
Fax: (-1-31-70) 340-3016 



Authorized officer 



Schon1eben» J 



fom PCT/ISA/210 (second shert) (January 2004) 







International Application No 

PCT/US2004/001606 


C^ContimiaHon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


C&atlon of document, with Indication, where appropriate, of the relevant passages 


RetevanltodainiNa 


A 


US 4 072 146 A (HOWES RANDOLPH M) 
7 February 1978 (1978-02-07) 
abstract; figure 1 




1,18,19 


A 


EP 0 930 082 A (BARD INC C R) 
21 July 1999 (1999-07-21) 
figure 4 




7-9 



Form PCT/ISA/210 (continuation of second sheet) (Januaiy 2004) 



« 


IN 1 tKNA 1 lUN AL bbAHUM KbKUH 1 

Information on patent family msmbers 


tntematlonal Application No 

PCT/US2004/001606 




Patent dcx^ument 
cited in search report 


Publication 
date 


Patent famiiy 
menr^(s) 


Pubiicatfon 
date 



us 6508791 Bl 21-01-2003 NONE 



WO 0006230 


A 


10- 


-02- 


-2000 


US 


6086564 A 


11-07-2000 












AU 


5130299 A 


21-02-2000 












klO 


0006230 Al 


10-02-2000 


EP 1016431 


A 


05- 


-07- 


-2000 


US 


5281199 


A 


25-01-1994 












EP 


1016431 


Al 


05-07-2000 












AU 


2358197 


A 


14-08-1997 












AU 


675976 


B2 


27-02-1997 












AU 


5100193 


A 


29-03-1994 












CA 


2143873 


Al 


17-03-1994 












CA 


2281950 


Al 


17-03-1994 












DE 


69329660 


Dl 


14-12-2000 












DE 


69329660 


T2 


21-06-2001 












EP 


0746381 


Al 


11-12-1996 












ES 


2153386 


T3 


01-03-2001 












JP 


8501008 


T 


06-02-1996 












WO 


9405246 


Al 


17-03-1994 












US 


5350360 


A 


27-09-1994 












US 


5417656 

w T A / Www 


A 


23-05-1995 












US 


5476451 


A 


19-12-1995 












US 


5554117 


A 


10-09-1996 












US 


5556381 


A 


17-09-1996 












US 


5527278 


A 


18-06-1996 












us 


5531684 


A 


02-07-1996 












us 


5520643 


A 


28-05-1996 












us 


5527277 


A 


18-06-1996 












us 


5503630 


A 


02-04-1996 












us 


5542923 


A 


06-08-1996 












us 


5607393 


A 


04-03-1997 












us 


5792123 


A 


11-08-1998 


US 6062244 


A 


16- 


-05- 


-2000 


EP 


1104521 


Al 


05-06-2001 












wo 


0009919 Al 


24-02-2000 



US 4072146 A 07-02-1978 



AU 


514696 82 


19-02-1981 


AU 


2823177 A 


01-03-1979 


CA 


1112533 Al 


17-11-1981 


GB 


1588894 A 


29-04-1981 


JP 


1023142 B 


01-05-1989 


JP 


1599463 C 


31-01-1991 


JP 


53051692 A 


11-05-1978 


SE 


430849 B 


19-12-1983 


SE 


7709779 A 


09-03-1978 


US 


RE31873 E 


30-04-1985 



EP 0930082 


A 


21-07-1999 US 


5360407 A 


01-11-1994 






US 


5399168 A 


21-03-1995 






EP 


0930082 A2 


21-07-1999 






CA 


2076920 Al 


01-03-1993 






DE 


69229701 Dl 


09-09-1999 






DE 


69229701 T2 


23-12-1999 






DE 


69233344 Dl 


19-05-2004 






EP 


0537892 Al 


21-04-1993 






ES 


2136613 T3 


01-12-1999 






JP 


5200107 A 


10-08-1993 



Fonn PCT/ISA/210 (patent (amlly annex) {January 20O4) 



